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REFERENCES  294 interactions between the genetic component of lineages, the physical context and the 
biotic context, which all determine habitat specificity (Vrba 1999: 22). Foley 
highlights the biotic element, and this is discussed below. 
The development of  p-demes, and thus the first step towards evolutionary change, 
results from variation in spatial distribution, which in turn can be linked to variation 
in climate and environment; indeed, changes in geographical distribution have been 
much more prevalent responses of  species to climate change than have speciation 
and extinction (Vrba 1999: 22). Over the last 6.0 myr, global temperatures have 
steadily declined, with the resultant increase in aridity, particularly in the African 
environment after the development of  the Rift Valley in the east, becoming the norm 
after 2.0 myr. Importantly for this study, hominin populations would have responded 
demographically and spatially to these events: expanding where reproduction 
exceeds mortality; remaining stable where they are in balance; or declining where 
mortality exceeds the reproductive rate. This in turn relates to ecological and spatial 
patterns, with an expanding population either increasing in density or dispersing into 
new regions. Similarly, a declining population is generally associated with reduced 
or more fragmented geographical ranges (Foley 1999: 338, 342): 
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Figure 2.1 Macroevolutionary patterns and their microevolutionary processes 
Using this model it is possible to see how p-demes, as regional populations, are a 
product of biogeographical processes. The two figures below (Figures 2.2 and 2.3) 
36 illustrate the relationship between geographical patterns and phylogeny. Regional or 
isolated groups reflect geographical barriers or natural territories, with local 
adaptation and the chances of  success depending upon the structure of  resources in 
that area. Change over time is seen as a function of  both climate patterns (through 
the development or failure of isolation, refugia and expansionist strategies) and of 
topography and vegetation, the latter also being climate dependent. 
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Figure 2.2 Generalised model of the evolutionary geography of a species (Foley 1999: 
340) 
37 and a long lifespan. If  this is the case, then slow growth may partly reflect a cost, 
rather than a benefit, of growing a large brain (Kennedy 2005: 125). 
The timing of  growth and reproduction, and their relationship to both adult and 
juvenile mortality rates, will be structured in order to maximise reproductive success 
(Ra) and offspring investment, within the confines of  the energetic and metabolic 
demands of  the environment. A causal chain for a female mammal is presented 
below in Figure 3.1  (Hill and Hurtado 1996: 39): 
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Figure 3.1 A causal chain of life history variables among female mammals (Hill and 
Hurtado 1996: 39) 
The pace of  juvenile growth thus appears to influence the timing of  events 
throughout primate life histories, since the level of  energy associated with growth 
matches that available for reproduction, once allocation switches from growth to 
reproduction. Indeed, extrinsic adult mortality rates in combination with the juvenile 
46 growth rate may be the most important initial variables in limiting the parameters of 
life history traits that would maximise the fitness of  an organism (Hill and Hurtado 
1996: 31). Higher fecundity is related to an increase in body mass, so with each 
additional year devoted to growth, reproductive rate is expected to increase 
(although an upper limit constraint on body size will eventually bring diminishing 
returns to increased body size). The timing of  the switch between reproductive rate 
and reproductive span is a fundamental trade-off in life history (Johnson 2003: 84) 
and is represented by the equation (Charnov 1997: 393): 
Ro = S(a)- V(a)  (4) 
Here, S(a) is the number of  offspring surviving until reproductive maturity. V(a) 
equals b'E(a), the average production of offspring over the adult lifespan. In this 
trade-off model, S goes down with a, while V goes up. As fitness (Ro) is a product of 
(S V), the optimum is -1 (Charnov 1997: 393). 
The mathematical models presented here describe general rules for life histories in 
mammals, and provide hypotheses about the shape of  the aggregate trade-off 
surfaces at the equilibrium, although of necessity they ignore age-dependent 
allocation decisions (Charnov 1997: 394). However, having established a template 
for the optimal solutions governing the reproductive behaviour in an 'average' 
primate, it is possible to place this idealised primate in varying ecological conditions 
to see how it would respond. Since raw mortality data are available for very few 
primate populations, ecological variables are substituted into the causative 
relationship, as it is generally assumed that certain types of ecology are linked to 
certain patterns of  mortality. Even so, the nature of  the relationship is poorly 
understood (Ross 1998: 57): 
ecology ~  mortality pattern ~  life history 
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Figure 3.4 Suggested links between increased body size and selected life history traits 
(based on Foley 1987: 146) 
An increase in body size requires a longer period for growth, which can have two 
effects: the infant is vulnerable and dependent on its parents for longer, and also 
requires a longer gestation period. This has an impact on the parents, particularly the 
mother, since a longer pregnancy, as well as the metabolic demands of  a helpless 
infant, means that birth-spacing must also increase, thereby reducing reproductive 
output. The greater vulnerability of  the slow-growing infant demands a higher 
degree of  parental care, whereas the latter condition of increased birth-spacing 
promotes parental care almost as a by-product. 
Neonatal mammals generally follow one of  two possible patterns in the development 
of  their offspring, and Figure 3.4 links these patterns to body size. Altricial young 
are immature and helpless, lacking hair, hearing, vision and locomotor capacity, 
while their precocial counterparts are far more developed, with these features at a 
relatively advanced stage. Altricial mammals are also born in large litters after a 
short gestation period, and have a smaller brain for body size. The opposite 
condition in precocial offspring is explained by the greater proportion of  growth that 
takes place in the womb, compared to that of  the altricial species. Although modern 
55 If  mean reproductive success evolves independently of  the variance, then the fittest 
genotype has the lowest variance for a given mean. Therefore, this hypothesis is 
unconstrained by the costs of reproduction in terms of  adult mortality. In real terms, 
a bad year will affect a larger clutch size much more than a smaller clutch. It  pays to 
reduce reproductive effort in order to live longer and reproduce more times, sample 
a greater number of  reproductive conditions, and thereby increase the number of 
offspring born in good conditions. This is the bet-hedging strategy (Stearns 1992: 
167-169). Figure 3.5 demonstrates the hypothesis in action through a series of 
observations of  great tit reproduction: 
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Figure 3.5 Geometric mean fitness as a function of clutch size for great tits (Stearns 
1992: 169) 
The environment varies in time and space with respect to probabilities of  offspring 
survival. In a more variable environment, parents must achieve a given probability 
that a certain mean number of offspring will survive at least until the age of  first 
reproduction by producing more clutches. In relation to the bet-hedging strategy 
explained above, the parent faces a trade-off between the mean and the variance in 
the mean number of  offspring produced. If lowering the mean will reduce the 
variance, then higher geometric mean fitness will result through a lower mean per 
generation fitness. However, this will only be the case if  the reduction in the mean 
brings about enough of  a reduction in the variance (Stearns 1992: 193). 
59 studying it in isolation, in order to understand the repercussions of  this, and other, 
evolutionary trends. The majority of  brain growth occurs in the postnatal period 
before weaning, and so the energetic costs are borne exclusively by the mother. 
Consequently, she must have a secure nutritional base, especially given that female 
reproductive success is a function of  access to resources (Foley 1995: 29). This 
clearly relates to the bet-hedging argument outlined above. However, despite the 
potential distribution of  reproduction effort over a range of  environmental 
conditions, occasionally nutritional returns are low and developmental instability 
results in the offspring. 
Trophic stress or dietary insufficiencies can be identified through asymmetries in 
bilateral features of  the skeleton (West-Eberhard 2003: 511), based on the 
assumption that lower precision in development reflects these disruptive effects 
(Kellner and Alford 2003: 931). Moreover, growth rate and fluctuating asymmetries, 
the measure of instability, have been shown to be negatively correlated (M0ller and 
Manning 2003: 19), and evidence from a range of  taxa indicates that increasing 
popUlation density results in decreased developmental stability (M0ller and Manning 
2003: 144). Therefore, instability occurs at the extremes of  tolerance of  the 
population, when competition for food, space and other resources is heightened. 
Under these conditions, somatic growth may be compromised, leading to skeletal 
asymmetries or reduced growth rate. This allows for a conceptual link between the 
reaction norm of  a trait (defined below) and the life history strategy adopted by a 
species, since the breadth of  the former has repercussions for the latter. 
A reaction norm is the set of phenotypes (the physical expression of  the genotype) 
produced by a single genotype (the genetic content of an organism) across a range of 
environmental conditions (West-Eberhard 2003: 26). This mapping of  the genotype 
onto the phenotype is a function of  the environment such that if  a single genotype 
were to be cloned and tested across a range of  environments, the reaction norms 
would transform environmental variation into phenotypic variation (Stearns 1992: 
41). Parents and their offspring are unlikely to encounter an identical environment at 
64 the same stages of  development, so genotypes that are able to produce stable 
phenotypes under a range of frequently encountered environmental conditions are 
more likely to multiply at a faster rate than those with greater susceptibility to 
environmental change (M0ller and Swaddle 1997: 58). This suggests that a broad 
reaction norm would be correlated with r-selection, since this is associated with a 
wide range of  environmental conditions, and a physiological inflexibility would not 
be conducive to long-term survival. Conversely, in the stable conditions related to 
K-selection, a broad reaction norm would not be necessary for survival. Bet-hedging 
is a more complex matter, as it shares many of  the characteristics of  K-selection but 
within a variable environment. It is this ecological factor, though, which is important 
for determining the breadth of  the reaction norm, and so, like r-selection, bet-
hedging might produce traits with broad reaction norms, to aid survival. 
The relationship between the breadth of  the reaction norm and the developmental 
stability of  a population, as measured through fluctuating asymmetries, can allow the 
empirical application of  reaction norms to any study of growth and tolerance. A 
change in the shape of  the reaction norm, or a reduction in distribution of 
environments, can reduce trait variation (Arnold and Peterson 2002). Any 
fluctuation in environment will, therefore, cause a change in the shape of  the 
reaction norm, which will impact on the trait by increasing variation and reducing 
stability. A broad reaction norm implies that a wider range of  environments is 
tolerated without giving rise to a larger number of  phenotypes and thus creating 
instability, as Figure 3.6 helps to explain (adapted from Arnold and Peterson 2002: 
308): 
65 Figure 4.1  compares the age- and sex-specific mortality profiles of  forest-dwelling 
and reservation-dwelling (1978-1993) Ache. There is a clear dichotomy between the 
two environments, with a higher chance of  survival for those Ache living on the 
reservation (likely to be a direct function of  access to healthcare, education and 
economic assistance [Hill and Hurtado 1996: 192]). Moreover, for much of  the 
lifespan, males have a higher chance of surviving from year to year than females in 
both environments, until reaching around 45 years of  age in the forest, and 
approximately 65 years of age on the reservation, whereupon male survival falls 
below the female line. A high rate of infant mortality is common to each category, 
due in part to the practice of infanticide under certain conditions. 
When the age- and sex-specific mortality profiles of  the Ache are compared with 
other technologically primitive populations, is it clear that they are characterised by. 
similar mortality rates over the lifespan (Figure 4.2). 
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Figure 4.2 Hunter-gatherer survivorship curves, sexes combined (pennington 2001: 
191) 
71 determine their demographic processes. It was noted in Chapter Three that life tables 
formed from the age structure of  a population are only valid when population growth 
is stationary (Caughley 1966). Dunbar's baboon population, though not stationary, 
was increasing at a steady rate, and so the age specific mortality rate could be 
established (Dunbar 1980: 498). The survivorship curve was calculated in the same 
way and is displayed below in Figure 4.8. 
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Figure 4.8: The age-specific mortality rates of  a free-ranging population of  gelada 
baboons (data from Dunbar 1980) 
As a representation of  a relatively successful and healthy population, these figures 
provide a good study of  age-specific mortality, indicating a very high level of 
juvenile survival with approximately 87.7% of  infants reaching at least four years of 
age. This is not universal in baboons, with some populations in poor habitats 
experiencing only 40% survival to 18 months of  age (Dunbar 1980: 499). This 
would suggest a necessity for the bet-hedging strategy, which is usually associated 
with low juvenile survival in iteroparous organisms, especially in marginal 
environments. In agreement with this conclusion, the shape of  the distribution is 
unlike that seen in the provisioned populations above, yet similar to the following 
graphs based on archaeological data. Taphonomic bias is a secondary concern, since 
78 Figure 5.4 tests the normality ofthe Asian data specified above, but expanded to 
give each of  the fossil cranial sizes separately. The data for this were taken from 
Rightmire's own work (1985, cited in Leigh 1992: 3). 
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Figure 5.4 Distribution of cranial capacity for the individual Indonesian crania used in 
Rightmire's analysis 
Although the right half of  the graph follows the bell-shaped curve of  normal 
distribution, the left half does not and so parametric tests cannot be accepted. This 
bias towards crania of  smaller capacity is illustrated in the regression in Figure 5.5. 
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Figure 5.5 Cranial capacity against geologic age for a selection of Asian hominins 
considered individually 
116 consequently the juvenile Ngandong crania are also not considered here. The 
Ceprano cranium is excluded on demic grounds, as explained in Chapter Two. The 
new expanded dataset must first be tested for a normal distribution. 
T  bl  52 D  a  e  escnpllve s a  IS  ICS  or  e Increase  ·f  t  f  f  f  th  .  ddt  t  a ase 
Cranial  Geologic age 
capacity (  cc)  (Myr) 
N  35  35 
Minimum  600  0.37 
Maximum  1251  1.750 
Mean  949.23  0.750 
Standard deviation  164.65  0.556 
Skewness  -0.061  0.128 
The  skewness statistic  is  less  than  1,  which  signifies  a  distribution that does  not 
differ significantly from a normal, symmetric distribution. 
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Figure 5.8 Distribution of the cranial capacities of all available H. erectus crania 
The graph shows two clear peaks in the distribution of  the data, at 800cc (mostly 
small-brained African demes) and at 1050cc, probably as a result of  the relatively 
larger capacities of  the Ngandong and Zhoukoudian skulls. To test whether this 
exceeds the bounds of normality, a one-sample Kolmogorov-Smirnov test was 
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Figure 5.21 Boxplot with confidence intervals ofthe mean cranial capacity ofH. 
erectus/ergaster by region 
Figure 5.21 shows a significant difference in cranial capacity between the European 
cohort and the Indonesian sample, the only case in which the error bars do not 
overlap. 
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133 oxygen/min in the basal state. Consequently, the brain's oxygen requirement in a 
human adult can account for about 20% of  that of  the whole body for a relative 
weight of  only 2% (Nehlig 1996: 178). Uptake is even higher in children in the first 
decade of life, when the brain consumes up to 50%, or 60ml/min, of  the total oxygen 
supply to the body (Sokoloff 1972: 315), as a higher percentage of  body weight is 
accounted for by brain weight. 
The proportion of  body weight a~counted for by brain weight varies between birth 
and adulthood, and this contributes to the observed greater requirement for oxygen 
in the infant brain compared to the adult brain. Figure 6.1  illustrates this trend (data 
from Korenchevsky 1961), showing that the infant brain accounts for six times as 
much body weight as it does in the adult (12.2% decreasing to 2.2%) (Elia 2001): 
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Figure 6.1 Percentage of body weight accounted for by brain weight, over the modern 
human lifespan (data from Korenchevsky 1961) 
An exponential curve was fitted to the data, as it was considered a more 
representative description of  the trend produced by the data than a linear regression, 
since the rate of decrease of  brain weight as a percentage of  body weight is not a 
constant relationship over time. Figure 6.1  indicates that a newborn baby's brain 
uses up to 50% of  the body's oxygen supply, but accounts for 12.2% of  the total 
weight. From this it can be determined that a newborn baby with an average body 
140 weight of 3kg has a brain weight of  approximately 366g at birth, a figure that 
corresponds well with the literature (cf. Zuckerman 1928: 33-34). 
Sokoloff provides figures for total oxygen intake and the oxygen demands of  the 
brain for a six-year-old child (1972: 314). As stated above, 60mllmin of  oxygen, or 
50% oftotal intake, is necessary for brain function during the first decade of life. 
This volume is distributed as 5  .2mll1 OOg/min, equating to a brain weight of  around 
1150g. If it is assumed that for the first year of life total oxygen intake is lower 
(around 80mllmin for the whole body) due to much smaller body size 
(approximately 6kg at three months old compared to around 20kg at six years old), 
the rate of  oxygen uptake in the immature brain can be established using the 
previously calculated neonatal brain weight. With 50% of  total oxygen, or 
40mIlmin, directed towards brain maintenance and a brain size of  366g at birth, it is 
estimated that a newborn human needs almost 11 mIll OOg/min of  oxygen to support 
brain function. Even if  the total oxygen intake were lower, it would still result in a 
much greater oxygen requirement for the brain than that seen in adults or even in a 
young child, despite the larger proportion of body weight accounted for by brain 
weight. 
The adult brain requires approximately 17caIlI00g/min, derived entirely from 
glucose. For a brain of 1400g, the total energy requirement represents about 240 
callmin or nearly 20 watts. The whole body needs around 1275callmin (Nehlig 
1996: 178), so the brain's glucose demands are, like oxygen consumption, around a 
fifth of  the body's total intake. The energy produced by the breakdown of 
macro nutrients (carbohydrate, fat and protein) is transferred to the body's cells by 
ATP, or adenosine triphosphate, which also facilitates the transfer of energy to cell 
functions. The chemical reaction (Krebs cycle), which removes the terminal 
phosphate group from A TP, is accompanied by the release of  7  callmol (Vander et al 
2001: 67). This large amount of  energy illustrates that the brain is a costly organ to 
sustain, as the expenditure of  the brain is directed towards the turnover of  7llmol, or 
4 x 10
21 molecules of  ATP, per minute in the entire brain (Sokoloff 1972: 305). 
141 The infancy period is dedicated to brain growth, and thus varies according to adult 
brain size relative to body size. The rates of bodily growth for humans and 
chimpanzees from birth to adolescence were compared. Figure 6.5 (Expert Group 
1990) suggests that somatic growth in modern humans is slow during infancy (but 
note that the first four data points relate to the first year of life), with the rate of 
weight increase climbing more steeply at the onset of  puberty, around 11  years of 
age. 
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Figure 6.5 Pattern of weight increase in male and female children from birth to 18 
years (data from the Expert Group for the Indian Council for Medical Research 1990) 
In contrast, the chimpanzee data in Figure 6.6 (Gavan 1971) indicate that growth 
rate is steeper than in the human example, arguing for less retardation of somatic 
growth. The x-axis scale is not directly comparable between the two graphs, as the 
chimpanzee data begins in intervals of 0.8 of  a year before increasing to a full year, 
but individual sections of  the graphs can be adequately compared to show variation 
in growth rates. 
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Figure 6.13 Scaling of adult brain weight (E) against adult body weight (W) in a large 
sample of placental mammal species (Martin 1996: 151) 
When primates in the Leonard and Robertson dataset are evaluated on their own, the 
human outlier (Figure 6.14) is the only species that appears to have a brain weight 
far bigger than its body weight would otherwise predict: 
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Figure 6.14 Log brain weight against log body weight for 18 primate species including 
humans (data from Leonard and Robertson 1992) 
Log brain weight = 0.807 * log body weight -2.606  (7) 
153 required a high rate of  growth after birth, elevated energy resources from the mother 
and a long gestation period. As cranial capacity increases throughout the existence 
of  this species, it can be hypothesised that the scheduling and energetic demands of 
different life history phases would also have changed. 
In the case of  human infants, the relationship between basal metabolic rate and brain 
weight does not strictly apply (Figure 6.20). During the first year postpartum, the 
slope produced by the regression is much higher, with the ratio in favour of  a greater 
relative brain size compared to body size. Consequently, the metabolic rate in 
infancy is higher in order to compensate (Mink et a11981: 205). For nine months, 
the foetus has been a part of  the mother and so adopts the metabolic rate consistent 
with her larger body size. Within the first 36 hours after birth, the infant's metabolic 
rate increases to attain the value predicted by Kleiber in proportion to its own 
smaller body size (Aiello 1992: 44). This is not a linear relationship, and so there is 
no equation available for comparison with the adult values, but Figure 6.20 
illustrates the pattern of infant BMR (Aiello 1992: 45). Throughout pregnancy, and 
for as long as the infant is exclusively breastfed, these elevated costs are funded 
solely by the mother (Garza and Rasmussen 2001: 437), who must also continue to 
'pay' for her own somatic needs. 
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Figure 6.20 The relationship between basal metabolic rate and body weight from birth 
to adulthood in humans (Aiello 1992: 45) 
160 703kJ/day, which amounts to approximately half the increment in the mother's TEE 
of 1264kJ/day (Butte et al  1999: 306). 
Metabolic efficiency may increase during pregnancy when maternal nutritional 
status is poor, for example as seen in The Gambia (Table 6.2, from Garza and 
Rasmussen 2001: 440). Here, the demands of  the mother's own somatic needs keep 
the proportional contribution of  BMR to the energetic cost of  pregnancy much lower 
than for other populations. 
Table 6.2 Energy cost of  ~egnancy~MJ)  in humanpojlulations 
Component  Scotland 
Foetus  34.0 
Placenta  3.05 
Expanded  12.1 
maternal tissues 
Maternal fat*  106 
Basal metabolic  126 
rate 
TOTAL  281 
*estimated from  10 weeks 
testimated from  13 weeks 
Netherlands  Gambia  Thailand 
34.4  29.9  29.9 
3.10  2.34  2.51 
12.3  10.4  10.4 
92.0  27.6  64.4 
144  7.9  lOOt 
286  78  208 
Philippines 
28.9 
2.51 
10.1 
59.8 
79 
181 
Lactation is the most energy-demanding phase of  the human reproductive cycle 
(Butte et al  1997: 299). The additional energy needs for exclusively lactating women 
(i.e. their infant is not gaining energy or liquid from an alternative source) are 
estimated to be around 670kcallday. Allowing for gradual weight loss, the net 
increment needed is about 500kcallday (Dewey 1997: 19), an additional burden of 
25% (Butte et al  1997: 299). The increase in energy required during lactation is met 
partially through energy mobilization from tissues, but primarily from an increase in 
dietary energy intake, since'  energy-sparing mechanisms affecting BMR and 
physical activity were not evident' (Butte et al 2001: 56). Thus, women exclusively 
breastfeeding need about 2000kJ/day to support milk production, in addition to the 
minimum energy requirement of 1.4 times BMR noted above (Butte et a11999: 
306). 
162 proportional allocation, or a combination of both. Only the latter two options involve 
genuine plasticity (Niewiarowski 2001: 422). 
The action of  the plastic response can be demonstrated by the theoretical plotting of 
the adaptive surface of a population, i.e. mean fitness against mean phenotype. 
Figure 7.1  indicates how plasticity may contribute to a 'peak shift' in the adaptive 
surface whereby a population increases its fitness (Price et al 2003: 1434) . 
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Figure 7.1 The contribution of plasticity to a peak shift in a changing environment 
(Price et al 2003: 1434) 
The bold line represents the mean fitness of  the population, while the dashed line 
indicates the mean fitness in a new environment. The thin solid line shows the 
population distribution in the original environment, compared to the thin dotted line 
on the right, which represents the population distribution in a new environment after 
such a reaction. Without the plastic response, population extinction appears 
inevitable (Price et a12003: 1434). Plasticity may thus be required for population 
persistence, which, in this example, can also lead to a new peak on the adaptive 
surface and subsequent genetic change. 
Boas and the environmental impact on growth 
In  1912 Franz Boas published the first major study into the effect of  the environment 
on the pattern of  growth. He had disagreed with the prevailing idea at the beginning 
176 of  the 20
th century that cephalic index (a ratio of  head length to width) was a stable 
measurement resistant to environmental influences. Having observed in European 
studies that populations showed morphological differences by 'geographical 
localities' rather than by nationalities, he selected a uniform American environment 
(cities) to determine whether it had a favourable or an unfavourable effect upon the 
descendants of immigrants (Boas 1912a: 1-2). He 'compared the features of 
individuals of  a certain type born abroad [to those] born in America within ten years 
after the arrival of  the mother, and [those] born ten years or more after the arrival of 
the mother' (Boas 1912a: 5, 7). Concentrating on head form (expressed by the 
cephalic index: width taken as a percentage of  the length), he found that in the 
American descendants of Central European types (Bohemians, Slovaks and 
Hungarians, Poles), both the length and width of  the head decrease. In Hebrews, the 
length of  the cranium increased whilst width decreased, while the Sicilians and 
Neapolitans indicated an opposite trend (Boas 1912a: 55-56). Boas believed that the 
American environment had an immediate impact on cranial form, increasing as the 
time elapsed between the immigration of  the parents and the birth of  the child also 
increased (Boas 1912a: 61); the foreign-born and American-born children of  the 
same parents differed in cranial shape, with the latter group varying from their 
siblings and parents (Boas 1912a: 70). 
Despite the absence of significant differences in cephalic index for some national 
groups (specifically Poles, Scots and Hungarians), due perhaps to small sample 
sizes, later studies seem to have confirmed these findings (e.g. Gravlee et al 2003). 
Using analyses of variance and covariance, and parent-offspring correlations and 
regression coefficients, a linear relationship was demonstrated between time span 
and cephalic index when studying the time elapsed between mother's immigration 
and baby's birth (Gravlee et a12003: 134). This corresponded to Boas's conclusion 
that the 'intensity' of  American environmental influence increases according to this 
factor (Boas 1912b: 530, 554), although it accounted for less than two per cent of  the 
variation in cephalic index (Gravlee et a12003: 134). More persuasively, modern 
analysis confirms that children born in the US environment are indeed less similar to 
177 their parents in terms of  head form than foreign-born siblings are to theirs, as Boas 
hypothesised (R
2 
=  0.412 and 0.648 respectively). Cephalic index therefore shows 
sensitivity to environmental influences (Gravlee et a12003: 134). 
However, this reanalysis has been criticised, most prominently by Sparks and Jantz 
(2002,2003), who identified a small number of  potential areas for error, such as 
inter-observer bias and the lack of  a theoretical perspective, all of  which were 
subsequently addressed by Gravlee and colleagues (2003). Nevertheless, Sparks and 
Jantz's own re-examination of  the data failed to find any evidence that might support 
Boas's original conclusions, and contend that most of  the variation is genetic 
variation (Sparks and Jantz 2002: 14637). Specifically, Sparks and Jantz (2002) 
found that most of  the significant differences in cranial shape are found in the 
Hebrew sample, and that 73% of  the tests relate to cranial index, indicating a general 
reduction in cranial index in American-born children between seven and 14 years of 
age. They believe that the predominant influence is age, rather than the duration of 
American residence, suggesting that, overall and contrary to Boas (1912a), the 
cranial index is stable in response to changing environments (Sparks and Jantz 2002: 
14637). This modern statistical re-evaluation concludes that that there is a high 
heritability in the family data and variation among the ethnic groups under study, in 
the American environment. Thus, Boas's claims for the overriding influence of  the 
environment on cranial shape are not supported (Sparks and Jantz 2002: 14637). 
Boas made no claims in his original report for the strength of  plasticity over genetics 
(Boas 1912b: 557-8, 562); he merely noted a possible environmental effect on those 
born in the US and those born outside, and the intrafamilial correlations conducted 
by Gravlee et al (2003) seem to support this. In opposition, Sparks and Jantz (2002) 
found that, rather than allowing immigration any influence over cranial morphology 
in a single generation, 'cranial dimensions are capable of  revealing "genetic" 
patterns in human populations over time and space' (Sparks and Jantz 2002: 14638). 
Likewise, this thesis accepts that genetics and environment must interact. There is a 
known correlation between stature and head length (though not head breadth), 
178 to random variation in bilateral traits and acts as a measure of  developmental 
instability (as opposed to developmental plasticity), as development is repeated 
twice, once on each side of  the body (Hasson and Rossler 2002: 73). Departures 
from FA include directional asymmetry (deviations from symmetry with a mean 
different from zero) and antisymmetry (deviations from symmetry with a bimodal 
distribution) (Black-Samuelsson and Andersson 2003: 1107). Developmental 
instability can be representative of  the health of  a population, since it is based on the 
assumption that environmentally or genetically induced deviations from the ideal 
phenotype are a sign of  the precision of  development, with lower precision (and 
therefore greater asymmetry) resulting from the disruptive effects of  environmental 
stressors, poor genetic quality, or both (Kellner and Alford 2003: 931). 
This has been demonstrated through comparison of  the Hadza, a foraging society of 
northern Tanzania, with American college students (Gray and Marlowe 2002). Ten 
bilateral traits, including ear width and wrist width, were measured and controlled 
for body size, and the FA of each trait was added together to give each individual a 
combined FA value. It was found that Hadza FA is considerably higher than FA 
among the American students. Possible reasons for this are that the Hadza are 
exposed to more physical stress, receive no regular medical care, lead an 
energetically demanding life with a subsistence diet and sleep on the ground all year 
round (Gray and Marlowe 2002: 499). However, this interpretation overlooks the 
demographic profile of  American college students, who tend to be middle class with 
a high standard of living, and cannot therefore be thought of as typical Americans. 
Their selection in Gray and Marlowe's study might then have placed the Hadza 
results within a misleading context. 
Differential growth rates can be a confounding factor in the scrutiny ofF  A. Slower 
growing children aged 0-20 years in Dominica exhibited a lower FA value than 
faster growers of comparable age. For the same reason, FA among Jamaican 
children was shown to be lower than FA, for the same traits, in British children of 
similar age. These results could be attributable to growth rate or basal metabolic 
180 Boas's dominant conclusion that the skull is susceptible to environmental change set 
a precedent for looking at cranial morphology in terms of  developmental instability 
or environmental stress. Angel (1982) proposed that the cranial base is sensitive to 
nutritional status, as it must support the weight of  the brain and head during growth, 
in the same way that the pelvic inlet, also affected by malnutrition, must support the 
weight of  the body (Angel and Olney 1981). Failure of  the skull to maintain its 
shape in this way, regardless of  cause, results in a flattening ofthe base of  the skull, 
termed platybasia. If  this condition were to occur throughout a group, rather than 
varying individually through genetic influence, it is more likely to have an 
environmental, nutritional basis. 
In Angel's study, the skull heights of  a skeletal population composed of  healthy, 
mostly middle class Americans (countrywide, generally non-urban in origin) were 
compared with those of less nourished, socio-economically deprived individuals. 
This latter group comprised part of  the Terry Collection, a large skeletal sample of 
low income Americans. Angel measured porion-basion height and multiplied it by 
100, then divided the result by biauricular breadth to control for gross skull size. The 
difference calculated in skull height between the two populations was significant, 
with an  11 % increase in skull base height in the advantaged group (gross cranial size 
increase was much lower at 1  %, as was stature increase at 3%) (Angel 1982: 302). 
While the correlation between skull base height and pelvic inlet depth can, in 
individuals, be influenced by genetics, hormones and social practices, Angel showed 
that the relationship holds on a population level and must therefore be subject to a 
broader environmental influence (Angel 1982: 304). 
Although these results are convincing, Angel did not control for circumference, and 
so failed to control for general size. However, the evidence of  variation in height and 
cephalic index suggests that his conclusion may well be correct. The study detailed 
below will compare the findings of Angel with two modern human populations, with 
the dual aims of  determining both the robusticity of  Angel's work and the effect of 
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Figure 7.3 A curved reaction norm: turns a symmetrical distribution of  environments 
into a skewed distribution of phenotypes (Stearns 1992: 41) 
The inherent plasticity of  the phenotype can be understood as the product of  a 
heterogeneous environment, and the interaction between phenotype and environment 
determines the resultant fitness of  the organism, as Figure 7.4 (Daan and Tinbergen 
1997: 314) demonstrates: 
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Figure 7.4 The interaction of some concepts of life history theory (Daan and Tinbergen 
1997: 314) 
Where there is environmental variation, different trait values produce different 
fitness contours. The dashed line is the optimal reaction norm, connecting the 
optima from a range of  environments. The array of  trait values possible in the 
species (and thus the array of potential fitness contours) is collected into the option 
set, the boundary of which acts as a constraint for the optimal trait value. The solid 
line represents the constrained optimal reaction norm (Daan and Tinbergen 1997: 
184 history strategy varied according to environment, or whether the species as a whole 
had a broad tolerance to environmental variation. 
This idea can also be applied to childhood nutritional status, since if  the environment 
(food intake) is beyond the margins of  the reaction norm, then instability of  the 
phenotype will result. The consequences of  this might take the form of  fluctuating 
asymmetries, as well as known penalties such as growth-faltering and disease. 
Malnutrition results from an imbalance between the body's needs and nutrient 
intake, and can be defined as 'the failure to achieve normal growth' during 
development (Golden and Golden 2001: 515). Young children are particularly 
vulnerable, but it affects all age groups across the entire life span (WHO 2000: 10). 
Normal growth is characterised by a continuous balanced accretion of  tissues in a 
predictable way. Disturbances in this trend, caused by factors like illness and severe 
decrease in available food, create two conditions: stunting (failure to achieve height 
but normally proportioned); and wasting (normal height attained but thin and 
wasted). Malnutrition can refer to excess as well as deficiency, thus including over-
eating and obesity, so it would be possible to determine upper and lower limits of  an 
average reaction norm for nutrition. However, the focus here is deprivation, 
specifically its impact on growth in childhood and adolescence, and so only the 
lower threshold will be examined. 
Growth retardation can occur at different stages of life. For example, intrauterine 
growth retardation for full-term babies is diagnosed by a birth weight of  less than 
2500g at 37 or more weeks gestation (WHO 2000: 11). In the postnatal period and 
throughout childhood, growth retardation can be assessed using a number of  indices: 
height-for-age (performance of linear growth, i.e. stunting); weight-for-height (body 
proportion, i.e. wasting); and weight-for-age (a synthesis of  the two) (de Onis et al 
1993: 703). Any deficit calculated by these methods is expressed in terms of 
multiples of  the standard deviation of  the American National Centre for Health 
Statistics 1997 Standard (NCHS) to create a Z-score, calculated as: (x - X) / s, where 
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Age category  Method  Reference 
Adult  Pubic symphysis morphology  B uikstra and Ubelaker 1994 
Adult  Auricular surface morphology  Buikstra and Ubelaker 1994 
Adult  Cranial suture closure  Buikstra and Ubelaker 1994 
Juvenile  Tooth emergence  Buikstra and Ubelaker 1994 
Juvenile  Epiphyseal fusion  Buikstra and Ubelaker 1994 
The level of  precision achieved by these techniques is not great, as adults in 
particular can only be assigned to broad age bands. Occupation, health and 
environmental conditions can all combine to create a misleading portrayal of  age at 
death, and are further complicated by subjectivity and level of  experience on the part 
of  the observer. Variability is also increased by the individual's own rate of 
maturation (Molleson and Cox 1993). To prepare the derived ages for statistical 
analysis, the mean value of  the age range was taken. Where ranges did not overlap 
between procedures, the mean of  the upper and lower limit was used instead. While 
this increases the degree of inaccuracy, in the majority of cases age as given in the 
text can be assumed to be within ± 3 years for the juveniles, and ± 5-10 years in 
adults, as every skeleton is aged according to the same standards and is directly 
comparable with each member of  the population. 
The second component of  demography required to complete the analysis is sex 
determination (Table 7.4), but this is only applicable to the adult sample. The 
juveniles have been classified as 'unknown' and are treated throughout as a single 
group, as it is extremely difficult to sex juveniles, due to the immaturity of  the 
skeleton and generally gracile build (Buikstra and Ubelaker 1994: 16). A number of 
methods of estimation are used here: 
191 persons' graveyard, St. Saviour's Burying Ground. The excavations of  this site 
yielded a total of 166 burials, the majority of  which are dated to the 19
th  century 
(Brickley 1999). This study uses a random selection of 78 individuals to give an 
approximate cross section of  the population. The Redcross population is considered 
here as 'disadvantaged' since there is likely to have been malnourishment, and 
crowded and stressful living conditions for the people involved. 
The second population was from Old Church Street, Chelsea (,Chelsea'), excavated 
under difficult conditions in 2000 (Cowie 2000). Known to be a more affluent 
population relative to that from Southwark (from the presence of lead-lined coffins, 
and burial on consecrated ground, contrary to Redcross), of  the 288 individuals 
found, 70 were assessed for inclusion in this study. Again, selection was random. To 
provide an historical framework for each of  these populations, and to ensure that the 
samples obtained are representative of  the popUlation of  London as a whole, the 
demographic data from London's Bills of  Mortality are introduced as a control. 
These indicate ajuvenile mortality of  45-57.7% (Molleson and Cox 1993: 208-209). 
Using the ageing criteria set out above, Figures 7.5 and 7.6 provide a basis for 
. comparative analysis: 
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Figure 7.S Age distribution of the population from Redcross Way 
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Figure 7.6 Age distribution of the population from Old Church Street, Chelsea 
The first conclusion drawn is that more juveniles died in the 'poor' Redcross sample 
than did in the 'rich' Chelsea sample. Of  the total Redcross population, just under 
half (48.6%) were classed as juveniles, in marked contrast to the 10% juvenile 
occurrence in the Chelsea collection. However, this is not to say that the infant 
mortality rate in the Chelsea area was so low. It has been reported for the 
Spitalfields assemblage that despite an underlying juvenile mortality rate in London 
of  45-57.5%, the frequency of  juveniles in the crypt reached only 18.9% (Molleson 
and Cox 1993: 208-9). While that of Chelsea remains lower, regardless of  the 
random sampling employed, one possible reason that might account for such a 
difference between Redcross and Chelsea is a class distinction in burial practices of 
the young. Equally likely are the taphonomic issues connected to a complex 
excavation undertaken within a limited time period, with the smaller, more delicate 
juvenile bones susceptible to decay and fragmentation at a greater rate than adult 
bones. In either case, it is clear that the juvenile section of  the Chelsea population, 
and perhaps also of  Red cross, is under-represented. 
Although the adult ages incorporate a degree of inaccuracy, their age at death 
distribution is still interesting. In Redcross, the modal age at death for adults is 25 
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Figure 7.11 Humerus and femur length as Z-scores for the combined adult population 
The median and distribution for each element suggest homogeneity in the sample, 
which supports the lack of significant difference between the two populations. 
Nevertheless, the outliers indicate greater variation. The two individuals with a large 
humerus are from Chelsea, whereas the negatively scored individuals are all 
members of  the Redcross population. Using Table 7.1, a score of less than - 2 is a 
sign of  moderate to severe stunting, and it seems that this was at least a partial 
problem for the poorer group. 
Fluctuating asymmetries 
Asymmetries in the height and width of  the orbits and the width of  mandibular Ml 
will correspond to a deficient environment in the same way that stature does. The 
second prediction stated that the poor population would have a wider scatter on a 
regression of left orbit width against right, since there would be greater variation in 
the bilateral measurements as a result of  developmental instability; while the third 
maintained that molar width would not differ appreciably between populations. 
200 Orbit width appears to show little difference between the two populations, as Figure 
7.12 suggests: 
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Figure 7.12 Left vs. right orbit width in the Redcross and Chelsea populations 
There is an excellent correlation between the two orbits, implying a high degree of 
symmetry and thus little developmental instability. However, when the juvenile 
results were removed from the regression, the disjunction between the two groups 
becomes more apparent. Despite the inequality in the proportion of  juveniles in each 
population, their removal produced an almost balanced number of individuals in 
each group: 27 in Redcross, and 31  in Chelsea. 
201 due to the size and shape of  the brain and the limited variation that may occur. The 
width of  the left orbit was not significantly correlated with any skull measurement. 
The pattern was a little different in Redcross. In this second population, fewer 
cranial dimensions correlated significantly with each other (Table 7.8). 
Table 7.8 Correlation coefficients (r) and significance (P) for the five cranial 
dimensions and orbit width in the Redcross adult population (n >20) 
Length  Bi-temp  Basion- Auric- Circ  Orbit 
bregma  bregma  width 
r  p  r  p  r  p  r  p  r  p  r 
Cranial length  /  / 
.315  .102  .426  .038  .550  .004  .706  .000  .490 
Bi-temporal width  .315  .102  /  / 
.543  .006  .779  .000  .713  .000  .241 
Basion-bregma  .426  .038  .543  .006  /  / 
.702  .000  .507  .014  .037 
Auriculare-bregma  .550  .004  .779  .000  .702  .000  /  / 
.737  .000  .263 
Circumference  .706  .000  .713  .000  .507  .014  .737  .000  /  / 
.204 
Orbit width (left)  .490  .021  .241  .280  .037  .877  .263  .249  .204  .363  / 
Cranial variation and stature 
Cranial length, cranial height and circumference were correlated with femur length 
(for stature), in order to examine the relationship between stature and the skull and 
thereby find a link to environmental stress. However, the Redcross group did not 
demonstrate the expected significant correlation between stature and cranial length, 
although Chelsea did (Figure 7.9). It is possible that this is a consequence of  small 
sample sizes, but may simply be an indication of  the range of  human variability. 
Table 7.9 Correlation coefficients (r) and significance (P) for three cranial dimensions 
an  d  t  t  .  th  R  d  d Ch I  d  It  I  ti  s a ure ID  e  e  cross an  e sea a  u  popu a  ons 
Length  Height  Circ. 
Femur length  r  p  r  p  r  p 
Redcross  .478  .061  -.003  .993  .283  .288 
Chelsea  .641  .002  .562  .029  .605  .008 
216 
p 
.021 
.280 
.877 
.249 
.363 
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Figure 7.28 The relationship between cranial capacity and circumference in the 
Redcross and Chelsea adult populations 
Discussion 
Through the analysis of  two modem human populations it has been possible to 
demonstrate the presence of  developmental instability in an economically deprived 
group, signifying that there was a mismatch between the Redcross population and its 
environment; or more accurately, that the environment did not fit the needs of its 
inhabitants. This lack of  correlation between need and supply is seen through the 
directional and fluctuating asymmetry ofthe orbits, and through the relationship of 
various cranial measurements to each other. There is no systematic pattern of  overall 
morphology for either population, so it can be accepted that there is no genetic basis 
to these asymmetries, and that they occur as a result of environmental stressors. The 
presence of developmental instability has further repercussions for juvenile survival, 
since environmental stress implies differential allocation of  energy to growth. 
Five predictions were made regarding developmental variation between the rich and 
poor populations. The difference in mean stature between Redcross and Chelsea was 
223 not significant, but the greater range of  heights in Redcross, and the generally 
smaller stature of  that population, suggests the prolonged diversion of  resources 
away from somatic growth during childhood, in keeping with the growth-faltering of 
the first prediction. Similarly, cranial capacity was not significantly different 
between the populations, contrary to the expectations of  prediction 5. Chelsea did 
display a bigger circumference, although this was not derived from a significant 
increase in cranial length or width; nor was it itself a significant increase. 
The second and third predictions focussed on asymmetry as a measure of 
developmental stress. The orbit widths of  the Chelsea population were significantly 
larger than those of  Redcross, and although the widths of  the Redcross orbits were 
not shown to be significantly asymmetric, a scatter regression revealed a wide 
distribution of  points, indicating greater irregularity. A similar result was gained for 
the investigation into molar width, contradicting expectations of  stability. Chelsea 
molars were significantly larger than those of  Redcross, and although significant 
differences in width could not be proved, wider confidence intervals for the poor 
population suggested greater variability between left and right. 
The fourth prediction was not borne out by the data. It could not be shown that 
Redcross had a flatter cranial base than the richer population of Chelsea, contrary to 
previous socio-economic studies, but platybasia may require more extreme 
conditions for visibility than those experienced by these populations. Alternatively, 
it may be that Angel's hypothesis (1982) is flawed, since fluctuating asymmetry 
clearly shows that Redcross was under stress. Rather than acting as a sign that 
Chelsea was nutritionally deprived, it may be a symptom of  a general change in 
cranial form. 
A number of  potential problems must be taken into account. Cranial capacity was 
derived from three measurements and so is more subject to error and inference than 
any of  the three taken alone. Investigation of  sex-related differences also means that 
sample size is smaller, making any apparent changes less reliable than they first 
224 Sample 
Reconstruction of  past populations is made problematic by the inadvertent pooling 
together of individuals who may in life have been spatially and temporally 
separated. Thus, the mortality profile would be affected by the conflation of  several 
generations that did not overlap in life, even if the site was in constant occupation 
over this period. It is claimed (Bermudez de Castro and Nicolas 1997: 334) that the 
Sima de los Huesos individuals belong to the same biological population, and as 
such the mortality and age at death distribution is explored in greater detail below. 
Illustrated below in Figure 8.1, the demographic profile is indicative of  a population 
experiencing high juvenile mortality, similar to that seen in China. Despite there 
being 28 individuals in the Sima de los Huesos cohort, only three adult crania (skulls 
IV, V and VI; skull V belongs to an elderly adult) are complete enough to allow for 
the measurement of length, breadth, height and capacity (derived from these three 
dimensions following the formula set out in Chapter Seven). This sample size is too 
small to permit meaningful statistical analysis, so the results are only considered as a 
guide to cranial relationships. 
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Figure 8.1: Age at death distribution of the Sima de los Huesos population, by sex 
231 REW  SPECIMEN 
72  85  86  96  161  56  99  165  155  118  157  44  89  124  62 
SEX  Ventral arc  - F  M  F  F 
Subpubic concavity  - F  M  F  F  F 
Greater sciatic notch  F  M  F  F  F  M  F  F  -M  F  F 
Nuchal crest  M  F  M  M  F  F  -M  M  F  F 
Mastoid process  -M  F  M  M  M  M  -M  F  F  F  F 
AGE  Pubic symphysis  - - - - 9  5-6  3  5  8 
Adult  Auricular surface  7  2  2  4  6  3  1  8  5  2  4 
Cranial sutures  2  1  2  3  3  2  2  1  2-3  3  1  0  3 
Juvenile  Epiphyseal fusion  - UF  SCH  S  S 
Longbone length  -
Dentition  - UE  6-7  M2  6 
STATURE  Humerus  299  106  - - - 332  245  304  333  309  277  301  291  - -
Radius  213  78  - - - 234  182  223  249  - 193  221  215  - -
Ulna  228  86  - - - 252  202  250  265  235  - 241  - - 236 
Femur  - 131  190  - 482  451  352  435  - 439  - 430  400  - -
Tibia with spine  251  - - - 391  382  281  354  378  344  318  351  327  - -
Tibia without spine  241  108  157  - 382  372  271  349  369  - 309  342  317  - -
Fibula  - - 149  - 371  - 270  347  - 342  314  342  315  - -
CRANIAL  Basion-bregma  - - - 125  130  130  132  138  - 137  130  126  120  126  130 
Bi-temporal width  140  - 111  136  144  142  136  143  145  136  132  137  133  138  132 
Glabella-inion  176  - 159  178  194  184  177  180  183  185  180  177  174  165  182 
Auriculare-bregma  - - - 119  127  128  121  126  - 120  118  125  111  120  120 
Circumference  522  - 146  506  550  535  516  513  520  525  517  509  501  492  513 200  28  140  54  11  137  138  130  132  134  139  143  113a  147a  144 
F.A.  Ml width, L  - - 9.3  9.9  - - - - 8.1  - - - - - -
Ml width, R  - 9.4  10.0  - - - 8.0 
I  - - - - - - - -
Orbit width, L  - - 31.6  34.3  35.1  - 25.0  - 28.1  - 26.8  - 18.2  22.6  23.2 
Orbit width, R  - - 31.1  34.4  34.3  - 25.5  - 28.4  - 26.3  - 19.0  25.3  21.5 
Orbit height, L  - - - 36.5  36.3  - - - - - - - - - -
Orbit height, R  - - - 35.5  37.0  - - - - - - - - - -
- ---REW  SPECIMEN 
148  149  106a  102  107  38  36  50a  58  40  15  SOb  42a  42b 
SEX  Ventral arc 
Subpubic concavity 
Greater sciatic notch 
Nuchal crest 
Mastoid process  I 
AGE  Pubic symphysis 
Adult  Auricular surface 
Cranial sutures 
Juvenile  Epiphyseal fusion 
Longbone length  5  2-3 
Dentition  <3m  <3m  5  3  <3m  18m  <3m  18m  9m  6m  NB  <3m 
STATURE  Humerus  61.2  64.8  107  144  - 132  - 101  64.3  101  73.3  81.5  51.4  57.1 
Radius  48.4  52.4  - - 96  98  - 71  49.4  78.6  57.9  64.3  42.6  46.4 
Ulna  57.0  59.7  - 117  105  106  - - 57.5  84.2  64.3  78.3  - 53.1 
Femur  71.7  74.5  125  196  166  170  - - 75.1  123  82.1  102  56.4  -
Tibia with spine  - - - - - - - - - - - - - -
Tibia without spine  61.3  66.3  - 152  133  137  - - 63.8  - - 84.2  48.9  59.6 
Fibula  57.4  62.5  - 149  - - - 79  60.8  - - - 45.1  55.9 
CRANIAL  Basion-bregma  - - - - - - - - - - - - - -
Bi-temporal width  - - - - - - - - - - - - - -
Glabella-inion  - - - - - - - - - - - - - -
Auriculare-bregma  - - - - - - - - - - - - - -
Circumference  - - - - - - - - - - - - - -841  810  1023  1112  802  918  1068  600  608  759  716  453  1021  635  948 
F.A.  Ml width, L  - - - - 9.0  - - - - - - 10.2  - - -
Ml width, R  - - - - 9.1  - - - - - - 10.3  - - -
Orbit width, L  35.3  34.1  - - - 35.3  - - - - - 35.0  - - 33.7 
Orbit width, R  36.0  33.9  - - - 37.5  - - - - - 34.7  - - 33.6 
Orbit height, L  32.l  34.3  - - - 38.8  - - - - - 35.0  - - 38.5 
Orbit height, R  32.4  34.9  - - - 38.4  - - - - - 35.9  - - 38.1  ' 
---OCU  SPECIMEN 
856  885  675  511  152  154  1126  1133  583  812  713  980  990  509  805 
SEX  Ventral arc  M  F  F 
Subpubic concavity  M  F  F  M 
Greater sciatic notch  M  F  F  M  F  M  M  F  ~M  F  F 
Nuchal crest  M  M  M  M  F  M  F  F  F 
Mastoid process  M  M  M  F  F  F  F 
AGE  Pubic symphysis  3  7  8 
Adult  Auricular surface  1  2  7  8  6  5  4  5  2  3 
Cranial sutures  1-2  1-2  1  3  2  1-2  3  2-3  2-3 
Juvenile  Epiphyseal fusion 
Longbone length 
Dentition 
STATURE  Humerus  295  - - - 306  - - - - - 318  292  - 285  -
Radius  223  - - - 204  202  - - - 221  238  209  - 200  -
Ulna  242  - - - 228  - - - - 236  260  225  - 217  -
Femur  411  - - - 447  - 400  416  - 422  - 436  420  - -
Tibia with spine  344  - - - 368  - 331  - - 342  357  344  341  - -
Tibia without spine  333  - - - 361  - 322  330  - 335  350  337  332  - -
Fibula  328  - - - - 341  323  323  - 323  340  - - - -
CRANIAL  Basion-bregma  135  - 130  - - - - - 123  118  144  131  - - -
Bi-temporal width  135  - 144  - - - - 137  135  138  148  137  - - -
Glabella-inion  182  - 190  - - - - 174  187  178  192  187  - - -
Auriculare-bregma  126  - 124  - - - - - 123  118  138  126  - - -
Circumference  513  - 540  - - - - - 525  505  559  525  - - -
- -856  885  675  511  152  154  1126  1133  583  812  713  980  990  509  805 
F.A.  Ml width, L  - - 11.0  9.2  - - - - 10.3  - - 10.8  - - -
Ml width, R  - - 11.3  9.1  - - - - 10.3  - - 11.0  - - -
Orbit width, L  35.0  - 35.7  37.3  - - - - 37.6  33.5  - 37.1  - - 32.9 
Orbit width, R  35.4  - 36.5  37.3  - - - - 37.5  33.7  - 37.4  - - 33.1 
Orbit height, L  34.6  - 33.2  - - - - - 35.6  - - 34.4  - - -
Orbit height, R  33.8  - 32.1  - - - - - 36.0  - - 34.6  - - -OCU  SPECIMEN 
1164  1063  147  35  206  496  544  143  238  119  43  494  460  516  239 
SEX  Ventral arc  M  M  ~M  M 
Subpubic concavity  M  M  ~M  M 
Greater sciatic notch  F  M  M  ~F  ~F  M  M  M  M 
Nuchal crest  M  M  F  M  M  M 
Mastoid process  M  M  F  M  M 
AGE  Pubic symphysis  9  7  1  7 
Adult  Auricular surface  5  7  7  2  1  7  4  1  5 
Cranial sutures  2-3  2  1  2-3  1  3  1 
Juvenile  Epiphyseal fusion  H  12 
Longbone length 
Dentition  2  6m 
STATURE  Humerus  - - 354  333  313  - 326  - 277  258  - - - 333  123 
Radius  - - 256  - 214  235  221  - - 194  225  229  - 247  -
Ulna  - - - - 227  - 240  - - 209  - 256  - 265  95 
Femur  137  417  490  449  - - - - - - 441  475  463  477  -
Tibia with spine  - 338  409  - - - - - - - 373  391  - 380  -
Tibia without spine  107  330  403  - - - - - - 298  366  381  - 373  -
Fibula  108  - 401  - - - - - - - 354  - - - -
CRANIAL  Basion-bregma  - - 142  128  120  130  117  - - - - - - - -
Bi-temporal width  - - 154  141  133  139  131  - - - - - - - -
Glabella-inion  - - 198  186  180  187  187  - - - - - - - -
Auriculare-bregma  - - 134  120  112  128  111  - - - - - - - -
Circumference  - - 560  526  505  518  508  - - - - - - - -
-~ 436  534  1018  507  112  31  274  25- 485  722  I 
8 
F.A.  Ml width, L  - - 10.7  - - - - - - -
Ml width, R  - - 10.8  - - - - - - -
Orbit width, L  33.6  - 36.8  - - - 34.4  31.3  35.0  30.9 
Orbit width, R  33.8  - 37.0  - - - 34.6  31.9  35.3  31.1 
Orbit height, L  - - - - - - 35.8  34.8  36.5  -
Orbit height, R  - - - - - - 35.8  34.7  36.9  -4 
Std. Dey = 6.50 
Me.n = 39.7 
",:::~=:-'-:=.L....-J~--'-~-'--~'-.--L~...L.~L,---lN  = 22.00 
28.0  30.0  32.0  34.0  36.0  38.0  40.0  42.0  44.0  46.0  48.0 
Femur length (mm) 
10r-----------------------------~ 
40.0  41.0  42.0  43.0  44.0  45.0  46.0  47.0  48.0  49.0 
Femur length (mm) 
293 